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SYNTHESIS OF NEW HIGH EXPLOSIVES. IV, (U)

by

Kathryn G. Shipp
Thomas N. Hall
John C. Hoffsommer
Lloyd A. Kaplan
Howard E. Ruskie
Francis Taylor, Jr.

ABSTRACT: This report describes the results of a number of
diverse preliminary investigations of the chemistry of
polynitro compounds. Some of the work is concerned with the
preparation of polymers from polynitro diols and acids,
oxidation of amines and nitrolic acids and the aminatioa of
polynitro aromatic compounds, in some cases with negative
results. The authors hope that the presentation of these
negative results will serve as a guide for future research in
these areas. (U)
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Section A

PREPARATION OF
3-AMINO-2,2%,4 4t 6,6 -HEXANITROSTILBENE

by
Kathryn G. Shipp

DISCUSSION

Several of the heat resistant explosives previously pre-
pared in this laboratory, e.g. 1,3-diamino-2,4,6-trinitrobenzene,
DATB*, 1,3,5-triamino-2,%4,6-trinitrobenzene, TATB®, and 3,3'-
diamino-2,2',4,4',6,6' <hexanitrobiphenyl, DIPAM®, are nitrated
aromatic compounds containing amino groups. Since 3-chloro-
2,2',4, 41 6,6'-hexanitvrostilbene, I, an intermediate in the
synthesis of 2,2',4,4',¢,6'-hexanitrostilbene, HNS* was
avallable, amination of the compound was undertaken in order to
evaluate the product as a heat resistant explosive.

Amination of the chloro compound, I, proceeded readily in
acetonitrile solution and the product was purified by crystal-
lization from the same solvent. It melts at 291°-293°C and has
an impact sensitivity of 111 cm, sigma >0.05 (ERL machine,
tetryl = 32 cm). The melting point and impact sensitivity of
the aminohexanitrostilbene do, indeed, place it in the class of
heat resistant explosives, but it offers no advantages over
DIPAM or HNS.

EXPERIMENTAL

A solution of 2.5 g of 3-chloro-2,2',4,4' 6,6'-hexanitro-
stilbene in 75 ml of acetonitrile was prepared by heating.
Ammonia gas was bubbled intc the hot solution. The color of
the solution changed from yellow to orange, then to brown as a
yellow crystalline product formed. After about three minutes,
when no more reaction was apparent, the mixture was heated to
drive off excess ammonia, then chilled in an ice bath and
filtered. The greenish yellow filter cake was weashed with
methanol and dried. It weighed 2.0 g, 83.4% of the theoretical
yield. This crude product wae purified by recrystallization.
Bright yellow crystals were rapidly deposited from a hot solu-
tion in about 200 ml of acetonitrile diluted with an equal
volume of hot methanol and then chilled; m.p. 291°-293°C.
Anal: Calc'd. for C,,H,0,,N,: C, 36.14% H, 1.52% N, 21.07%

Found: C, 35.92% H, 1.78% N, 21.23%
36.32% 1.71% 21.21%
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Section B

EXPLORATORY EXPERIMENTS DIRECTED TOWARDS THE
SYNTHESIS OF 2,5-DIAMINO-4, 6~-DINITROPYRIMIDINE

by
Thomas N. Hall

Three explosives developed by the Naval Ordnance Laboratory,
DATB*, TATB®, and DIPAM®, have one common structural feature
which may contribute to their good heat resistance: two amino
groups, eagh ortho to two nitro groups. Since the unreported
2,5-diamino=l, 6~dinitropyrimidine, I, also has this structural
feature, its synthesis was attempted in order to evaluate its
thermal stability. Farther, one would predict good thermal
stabllity for I because aminopyrimidines in general melt without
decomposition and can even be purified by sublimation under
reduced pressure®.

An obvious route to I involved the di-nitration of 2,5~
diaminopyrimidine, II, or its mono- or di-acetyl derivat.ives.
Tozaki® has reported the synthesis of II from 2-amino-5-nitro-
pyrimidine, VI, via 2-acetamido-5-aminopyrimidine, III, by the
route shown in Figure 1. We evaluated two routes to I shown by
dotted arrows in Figure 1: (i) Nitration of III tc 2-acetamido-
S5-amino-l, 6-dinitropyrimidine, IV, followed by hydrolysis to I;
(11) Direct nitration of II to I.

Route (1) above involved Tozaki's procedure Hg-Pt with
acetic acid solvent, for the reduction of 2-acetamido-5-nitro-
pyrimidine, V, to III. Following Tozaki's reduction procedure,
we obtained a Jet-black solution after hydrogen uptake had
stopped. The black color may have been caused by colloidal
platinum. Failing to clarify this solution, we did not attempt
to isolate III. Instead, the black solution was digested with
nitric acid, hoping to remove the black color and make III in
one operation., A low yleld of a brown solid was obtained by
precipitation techniques, but was not characterized.

Since Tozaki's procedure did not appear practical, we
decided to try route (ii): Reduction of VI to II with iron-
acetic acid, followed directly by nitration to I, without
attempting to isolate II. After the reduction was complete, the
excess iron was removed and nitric acid added. Heating caused
slow precipitation of & brown solid, finally amounting to about
80% of the weight of VI. This solid was not characterized, but

5\
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could be I because VI and II should be soluble in HNO,-acetic
acid.

EXPERIMENTAL

Fisher reagent grade glacial acetic acid, Fisher 40 mesh
iron filings, and Eastman White Label guanidine carbonate were
used without further purification. Ninety percent nitric acid
was taken from a drum supplied by the U.S. Naval Propellant
Plant, Indian Head, Md. Sodium nitromalonaldehyde was made
from mucobromic acid®, which was in turn prepared from 2-furoic
acid’., Platinum oxide was made from c.p. chloroplatinic acid®.

Preparation of 2-amino-5-nitropyrimidine, VI. The following
procedure is a modification of Tezaki's method®, Seventy-seven
and six-tenths griums of sodium nitromalonaldehyde monohydrate
(0.493 mole) and 70.2 grams (0,389 mole) of guanidine carbonate
were dissolved completely in 400 ml of water (~ 85%) and then
one ml of piperidine added. The solution became red immediate-
ly and a solid started to precipitate. The mixture was heated
on the steam bath for 30 minutes, and the tan solid product
collected and washed with water. The weight of the crude air-
dried 2-amino-5-nitrcpyrimidine was 84,3 grams,

Acetylation of VI, followed by reduction with hydrogen in the
presence of platinum, anc then by reaction with nitric acid,
Eighty-four and three-tenths grams of crude VI were dissolved
in 350 ml of hot glacial acetic acid contained in a 500 ml
round-bottom flask., The solution was refluxed for 15 hours
following Fieser's method for acetylation®. The solution was
conled slightly and hydrogenated in a Paar hydrogenation
apparatus as follows:

One third of the acetic aclid solution was placed in the
Pyrex pressure flask, and a few tenths of a gram of freshiy
prepared platinum oxide added. .The flask was wrapped with a
heating tape connected to a Variac and connected to the hydro-
genation apparatus, The Variac was adjusted so that the
thermometer in the well of the protective cage surrounding the
pressure flask read 60°%, Hydrogenation was continued until

# At room temperature, hydrogen up-take stops abruptly after a
few minutes. At €0%, hydrogen pressure decreases in the normal,
smooth manner., Apparently, at room temperature, a solid product
precipitates on the surface of the platinum, thus deactivating
it.

e
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hydrogen up-take ceased. The remaining two-thirds of the
acetlc acld solution was hydrogenated in two batches by the
same procedure, Each hydrogenation produced a jet-black
soiution, Unfortunately, the color could not be removed by
filtration, All three acetic acid solutions, plus washings,
were comhined to make a total volume of 530 ml,

A 125 ml aliquot of the above 530 ml was placed in a
250 ml creased round-bottom flask fitted with a condenser and
mecharical stirrer, Fifteen milliliters of 90% nitric acid was
slowly added to this solution over a period of one hour, keep-
ing the temperature under 150, A thick solid precipitate
formed after about 2 ml of the nitric acid had been added, The
solution was then heated for 150 minutes at 859 to dissolve the
solid, Another 15 ml portion of 90% nitric acid was added over
a period of 30 minutes. The resulting solution was heated at
859 for 6 hours and then allowed to stand overnight at room
temperature., One and three-hundreths grams of a brown solid
was filtered off from the reaction mixture, Addition of four
volumes of absolute ethanol to the red filtrate precipitated
0.59 grams of a yeliow solid which was collected by filtration.
Finally, the addition of anhydrous ether precipitated one gram
of a light brown solid. All weights refer to solids which were
washed with water after filtration and then dried to constant
weight at 800,

Reduction of VI with iron and acetic acid, followed by reaction
with nitric acid, To a solution of 10 grams of crude VI in

of glaclal acid contalned in a 250 ml beaker were added
10 grams of iron filings, The beaker was heated on the steam
bath and 1ts contents stirred magnetically for one hour, The
solution was then filtered with the aid of Celite and cooled.
Four milliliters of 90% nitric acid were then added all at once
to the rapidly stirred acetic acld solution, A green solid
fermed almost immediately and was filtered off after a few
minutes, Another 4 ml portion of the 90% nitric acid was then
added to the reddish-brown acetic acid solution with rapid
stirring. After the acetic acid-nitric acid mixture had been
stirred magnetically in an open beaker for 16 hours, a brown
s0lid which had been slowly precipitating during this period
was filltered off.

The green solid was easlly lgnited by a Bunsen burner
flame; it contlnued to burn when removed from the flame, and
left a rouge-colored ash (probably Fe,0,). The brown solid,
after washing with water and drying in a vacuum dessicator,
weighed 8.03 grams. The brown solid was oxidized by a Bunsen
burner rlame, but did not continue to burn when removed from

6
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the flame, Strong ignition of the brown solid in an oxidizing
flame left a little ash,

S
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Section C
ATTEMPTED SYNTHESIS OF DINITROMALONONITRILE
By

Thomas N, Hall

Compounds of the general structure Z(NO; ),CCN have
potential use as oxidizers in propellant and explosive formu-
lations, When Z is ionically bound, i.e,, salts of dinitro-
acetonitrile, the pure compounds have relatively good stability
and high impact sensitivity'@,?, Covalently bound Z, such as
alkyl groups, %ower the impact sensitivity but also decrease
the stability'P, wWith the hope of improving the stability of
compounds with covalently bound Z, the synthesis of dinitro-
malononitrile (2 = CN) was attempted, The synthethic route
chosen was reaction of the salts_of dinitroacetonitrile with
cyanogen bromide: MY + NC(NO,),C” + CNBr - (NC),C(NO,), + MEr,

When M = Na, 57% of the salt was racovered unreacted
after 26 hours reaction at 50-55° in acetonitrile solvent; no
other organic substance was identifiable, When M = Ag, 9é% of
the silver was precipitated as AgBr after 168 hours reaction
in acetonitrile solvent; the only organic product which could
be characterized was the ammonium salt of dinitroacetonitrile
(224). The latier substance could have formed by hydrolysis
of the desired product:

(NC),Cc(NOg ), ~ 2H,0 ~ [ NH.+ NC(No, ),CCO,” 1+ CO, + Nm+ +

NC(NO,),C™. In both attempted syntheses, the desired product

could have been present because the fate of all of the reactant
salt was not established,

EXPERIMENTAL

The sodium salt of dinitroacetonitrile was made from
ethyl dinitrocyanoacetate!C by the prgcedure developed by
Rohm and Haas for the potassium salt'9, and was isolated by an
extraction procedurel®, The siiver salt of dinitroacetonitrile
was precipitated by adding the calculated amount of silver
nitrate in distilled water to a solution of the sodium salt in
distilled water, The precipitate was washed with water,
ethanol, and ethyl ether, and then air-dried in the dark.
Tisher Certified Reagent Grade chemicals were used unless other-
wise noted, The acetonitrile was distilled from P,0, Just
before use, Eastman White Label cyanogen bromide and ethyl
cyanoacetate were used without furthe:r purification.

8
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Reaction of cyanogen bromide with the sodium salt of dinitro-
acetonitrile. A solution of 15.9 grams (0.15) mole) of

cyanogen bromide in 8 ml of acetonitrile and a solution of A
15.3 grams (0.10 mole) of the sodium salt of dinitroacetonitrile
in 20 ml of acetonitrile were mixed in a 100 ml round-bottomed
flask fitted with a condenser wnd drying tube. The flask was
heated for 26 hour at 50-55° ®, The homogeneous orange-yellow
solution was cooled to room temperature, causing hard, inorganic-
appearing crystals to form. The hard crystals were collected,
washed with acetonitrile, and subjected to qualitative tests

for cyanide, bromide, and nitrite. Only the latter test was
positive, thus inferring at least partial degradation of the
cyanodinitromethide ion.

The acetonitriie solution which had been decanted from the
hard crystals was not investigated. Evaporation of the aceto-
nitrile under reduced pressure left a mixture of an orange
amorphous mass and some large well-formed yellow needles. All
of the residue was taken up in nitromethane. The solution was
filtered to remove turbidity, concentrated by boiling, and
cooled in the refrigerator. Six and twelve hundredths grams
of light yellow needles separated from the yellow solution.
Cooling the filtrate in the deep-freeze gave a second crop of
2.61 grams. These products had micromelting points of 227°,
and so were tentatively identified as recovered sodium dinitro-
cyanomethide, m.p. 224-226°d.'e€ Assuming this identification
is correct, 57% of the starting sodium dinitrocyanomethide was
recovered,

Reaction of cyanogen bromide with the silver salt of dinitro-
acetonitrile. A solution of 50.0 grams (0.472 mole) of cyanogen
bromide in 50 ml of acetonitrile was mixed with a solution of
22,45 grams (0.0944 mole) of silver dinitrocyanomethide in 50 ml
of acetonitrile in a 250 ml round-bottomed flask. Immediate
turbidity was noticed when the solutions were mixed. The flask
was fitted with a drying tube and stored in the dark for 167
hours at room temperature. The finely divided grey precipitate
was collected on a weighed sintered glass crucible of fine
porosity, washed with acetonitrile, and dried in vacuo for
thirty minutes. By difference, the weight of the grey solid was
17.35 grams. X ray powder diffraction showed that the solid was
silver bromide. If the grey solid is assumed to be pure silver
bromide, a doubtful assumption because of the grey color, then
98% of the silver present in the silver dinitrocyanomethide

wes converted to silver bromide.

After the silver bromide had been removed from the reaction
mixture, chloroform was added, causing a yellow solid to pre-
cipitate. Addition of chloroform was continued until

9
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precipitation was complete, and then the solid was collected,
air-dried, and weighed (3 05 grams) Recrystallization from
nitromethane gave 1.12 grams of a yellow solid which was sub-
mitted for microanalysis after another recrystallization and
air-drying. The analﬁtical data obtained *ere: C, 17.34, 17.06;
H, 2.69, 2.83; N, 37.42, 37.86, Assuming that the product con-
tains only C, H, N, and 0, the empirical formula is
CH;.91N193301038o Ammonium dinitrocyvanomethide, C;H N,O,, is
clearly consistent with this formula, and it was found that the
infrared spectrum of this compound was identical to that of the
yellow product. If the crude yellow solid is pure ammonium
dinitrocyanomethide, the yield of the latter is 22%, based on
the weight of slilver dinitrocyanomethide.
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Section D

REACTION OF POTASSIUM CYANIDE WITH
s§ym-TRIHALCTRINITROBENZENES

by
Thomas N. Hall

Nucleophilic attack on the halogens of sym-trihalotrinitro-
benzene by ammonia gives excellent ylelds of a potentially
useful, thermally stable high explosive, 1,3,5-triamino-2,4,6-
trinitrobenzene (TATB)*. It is possible that nucleophilic attack
by cyanide ion on the halogens of a sym=-trihalotrinitrobenzene
would yleld sym-tricyanotrinitrobenzene. The explosive proper-
ties and heat resistance of the latter compound could be com-
pared to those of TATB, and thus provide a basis for correlating
these properties with structural changes.

The reaction cf potassium cyanide on sym=-trichlorotrinitro-
benzene, in refluxing dimethylformamide, gave a mixture of
products which was partially separated by chromatography. Two
of the products had a carbon to nitrogen ratio of three, indi-
cating probable loss of a nitro group. One of these products
gave analyses for C, H. N, and Cl which were consistent with
those of 3,5-dinitro-2,4, 6-trichlorobenzoic acid. In aceto-
nitrile solution at room temperature, potessium cyanide and
sym-trichlorotrinitrobenzene gave an unidentified solid product;
a mixture of this solid with sym-trichlorotrinitrobenzene melted
higher than the latter.

No =91id product could be isolated from the reaction of
potassium cyanide and sym-tribromotrinitrobenzene in dimethyl-
formamide solvent, Usi tetrahydrofuran as a solvent, a solid
product melting at 150-1600 before purification was 1solated,

In summary, the reaction of potassium cyanide on sym-
trihalotrinitrobenzenes was found to be complex, No high melt-
ing product which could be used as a thermally stable explosive
was 1isolable, The products which have been isolated from the
reaction of potassium cyanide and sym-trichlorotrinitrobenzene
show little promise as explosives or explosive intermediates
because their structure indicates that a nitro group, rather
than a chlorine, was lost,

11
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EXPERIMENTAL
Chemicals

Eastman White Label dimethylformamide was dried by
azeotropic distillation with benzene. The forerun, boiling
below 150°, contained water, benzene, and dimethylformamide,
and was discarded, The clear liquid boiling from 151,0 to
151,29 was collected and stored in a tightly stoppered bottle,
Samples of sym-tribromotrinitrobenzene and sym-trichlorotri-
nitrobenzene were made by the nitration of the appropriate
sym-trihalobenezene?®, Fisher Certified Reagent Grade acetoni-
trile was distilled from phosphorus pentoxide Just before use,
Baker and Adams, ACS Reagent Grade, potassium cyanide was
pumped for three hours in a vacuum oven set at 90° just before
use, Eastman White Label tetrahydrofuran was used without
further purification,

Reaction of potassium cyanide with sym-trinitrotrichloroben-
zene in dimethylformamide at room temperature, To 400 ml of

dimethylformamide contained in a 500 ml round-bottom flask was
added 12,34 grams of potassium cyanide, After solution had
teen effected by magnetic stirring, 10 g, of sym-trinitrotri-
chlorobenzene were added all at once, producing an immediate
red color, After solution was complete, the flask was stop-
pered and allowed to stand at room temperature* for 64 hours.
The very dark reaction mixture was poured into about 1.5
liters of distilled water with rapid stirring, The resultant
red-brown sclution was extracted with four 200 nl portions of
benzene, The combined benzene extracts were then extracted
with two 5C ml portions of distilled water and then dried over
anhydrous sodium sulfate for 16 hours, Evaporation of the
benzene on the steam bath left a red-brown oil which was
redissolved in 50 ml of benzene, This solution was then
filtered with mild suction through 5 cm of 50-200 mesh silica
gel contained in a 3 x 15 cm chromatographic column. The
filtrate was lighter in color,

The column was then eluted with 200 ml of benzene, leav-
ng a dark brown fluorescent band on the silica. The combined
benzene eluates were concentratad to about 25 ml and poured
onto a 3 x 15 em chromatograrhic column made up with 50-200
mesh silica gel and benzene,

* At reflux, a solution of similar comporsition gave immediate
evidence of degradation (extensive foaming),
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A chromatographic separation was then started, eluting
with a mixture of 60% by volume benzene-40% by volume n-hexane,
Eighty milliliter fractions were taken, evaporated to dryness
on the steam bath, and the nature, but not the weight, of the
residue noted, Fraction 5 was accidently spilled, The follow-
ing table summarizes the results:

Fraction No, Appearance of Residue
1-4 Bright yellow, well formed needles
6-9 Fluffy light grey-yellow crystals
10-27 Mustard yellow powder, color becoming
lighter in latter fractions
28-40 Bright yellow powder

The residues from fractions 1-4 were combined, recrystallized
from a mixture of benzene and hexane, and dried in vacuo for

24 hours, The product, compound I, melted at 138-1420 and gave
the following analytical results: C, 25,09, 25.22; H, 0,37,
0.22; N, 10,06, 9,90; C1, 35,14, 35,23, Calculating the oxygen
percentage by difference, the empirical formula for I is
CHoe353No 0327 ¢Cloegss0ogeses This formula 1s about equally
consistent with C,HN,Cl,04 and C,HN,C1,0,, Barring nuclear
rearrangements, two iikely structures with these formulas are
3, 5-dinitro-2, 4, 6-trichlorophenol, and 3,5-dinitro-2,%4,6-
trichlorobenzoic _acid. Kohn and Grun® report that the phenol
melts at 165-167°. Hence, it appears likely that compount I is
the unreported benzolc acid derivative.

The residues from fractions 37-40 were combined and
recrystalized from a mixture of benzene and hexane, and then
submitted for microanalysis after dryl in vacuo, The analyti-
cal results, C, 32,62, H, 1,57, N, 12,76, give a carbon to
nitrogen ratio of 2,97, thus indicating probable loss of a
nitro group.

Reaction of potassium with sym-trinitrotrichlorobenzene in
acetonltrile, To 400 ml ol acetonitrile confained In"a 500 ml
round-bottom flask were added 12,34 grams of powdered potassium
cyanide, The mixture was stirred magnetically for 30 minutes
to dissolve as much of the solid as possible, Addition of

10 grams of sym-trinitrotrichlorobenzene to this mixture pro-
duced an immediate yellow color, The flask was then closed off
with a diying tube, and the mixture stirred magnetically at
room temperature, After one hour, the acetonitrile had
deepened to an orange color, even though neither the potassium
cyanide or sym-trinitrotrichlorobenzene had completely
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dissolved, After 119 hours, there still remained some undis-
solved solid which was probably inorganic, The whole mixture
was poured with rapid stirring into 1,5 liters of distilled
water, causing the inorganic solid to dissolve and a tan solid
to precipitate, The tan solid was filtered off and dissolved

in a hot mixture of benzene-n-hexane, 5:95 by volume, After
decolorization with Norite, the solutlon was cooled in an ice
bath and two crops of light yellow needles collected, The

first ecrop melted over the range 167-189°, and the second
182-193°, A mixture of sym-trinitrotrochlorobenzene (m.p. 190° 2)
and some needles from the second crop melted over the range 193-
201°, The elevation in melting point is not the common result,
but does indicate that the second crop is not recovered starting
material,

The red solutlon, from which the tan crystals had been
separated, was extracted with 3-200 ml portions of benzene, The
red-brown benzene extracts were combined and dried for an hour
over anhydrous sodium sulfate, Evaporation of the benzene left
a black tar which was not investigated further,

Reaction of potassium cyanide with sym-trinitrot. ibromobenzene
In dImethylformamide, To a solutlion ol 0.25 gram of sym-
trinltrotribromobenzene in 10 ml of dimethylformamide in a 25 ml
flask was added 0,34 gram powdered potassium cyanide, The flask
was then stoppered and its contents stirred magnetically., The
initial 1light green color had become red-brown after 10 minutes.
After eilghteen hours at room temperature, the dard red-brown
solutlion and the undlissolved potassium cyanlde werz added to

250 ml of distilled water with rapid stirring. Since no precipi-
tate formed, the aqueous solution was extracted with 3-50 ml
portions of benzene, using a centrifuge to separate the layers,
The yellow benzene extracts were comblned, extracted with 25 ml
of distilled water, and then dried over anhydrous sodlium sulfate,
After remcval of the sodium sulfate, the benzene extracts were
boiled with Norite to remove the yellow color, concentrated by
boiling, and n-hexane added, No precipitation occurred on cool-
ing., Evaporation of the benzene-hexane under reduced pressure
left an olily fllm which falled to crystallize,

Reaction of potassium cvanide with sym-trinitrotribromobenzene
In tetrahydrofuran, To a solution of one gram of sym-
trinitrotribromohbenzene in 250 ml of tetrahydrofuran in a 300 ml
flask was added 0,87 gram of powdered potassium cyanide, The
flask was closed off with a drying tube and its contents

stirred magnetically at room temperature for 52 hours and then
allowed to stand unstirred for 26 hours, The dark yellow solu-
tion was flltered to remove undissolved potassium cyanide and

14
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then evaporated under reduced pressure., The yellow-brown
residue was extracted with boiling benzene. The yellow benzene
extract was filtered and then concentrated on the steam bath.
Cooling the benzene solution caused separation of grey-yellow
needles, melting over the range 150-160°.
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Section E

OXIDATION OF 1=-NITROSO=-1=-NITROETHANE
(ETHYL NITROLIC ACID) TO 1,1-DINITROETHANE

by
Johr C. Hoffsommer

Early referenczs in the literature':? indicate that ethyl
nitrolic acid is oxidized by various reagents, including
alkaline aqueous bromine solutions and concentrated nitric acid,
to 1,1-dinitroethane. t was anticipated that difluoronitro-
peroxyacetic acid might be a superior reagent for the oxidation
of nitrolic acids to the corresponding gem-dinitro compounds
which are otherwlise Aifficult to prepare. It was also hoped
that by an extension of this line of reasoning other trinitro-
methyl compounds could be prepared by the following idealized
sequence:

RCHaNOs —H¥02 o peunowo,  -CFeNOa COOOH

> RCH(NOz )2

HNO2

RCH(N02 )2—""——%' RCNO(N02 )2 CFz NO2 COOOH

3 RC(NOz )s

thyl and propyl nitrolic acids were prepared by the
action of nitrous acid on the nitroalkane and used as substrates
with several oxidizing agents; bromine, sodium hypochlorite,
hydrogen peroxide, concentrated nitric acid (Table 1) and
difluoronitroperoxyacetic acid. These results are summarized:

SUBSTRATE: CHsCH(NO)NO, (Ethyl pritrolic acid)

OXIDIZING AGENT RESULT (%Yield 1,1-Dinitroethane)

ny

Bromine

NaOCl

30% H; 0,

Conc. Nitric Acid
Difluoronitroperoxy-
acetic Acid

s

OO O D
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TABIE 1

Oxidation of 1-Nitroso-l-Nitroethane to 1,1-Dinitroethane
in Aqueous and Pyridine Solutions under Basic Condifions

Molar Ratio® % Yield®
Run Solvent CH,CH(NO)NO»/KOH/Oxidant Oxidant 1,1-Dinitroethare
1 Ha O 1.1/1.3/10 Bra 20
2 " 2.0/2.0/10 Brz 26
3 " 2.0/8.2/2.0 NaOCl 0
n " 2.0/2.0/2.0 m 0®
5 " 2.0/2.0/8.8 Ha 02 0
6 n 2.0/2.0/8.8° L 0
7 Pyridine 1.0/0 /2.0 " 0
8 . 1.0/2.5/10 " 0
9 . 1.3/2.5/12% : 0
10 Hz 0 1.0/0 /15 HNGs & 12f

a. Molar concentrations of l-nitroso-l-nitroethane varied
from 0,08M in run 3 to 4M in run 5.

b. Yields were based on ultraviolet absorption of the K-salt
of 1,1-dinitroethane (Amax = 380 mp € = 17,000)., Identi-
fication of the starting material, l-nitroso-l-nitroethane
was also based on the ultraviolet absorption of #s basic
solutions (Amax = 328 mp € = 6,500).

c. Base used was sodium bicarbonate.

d. bBase used was sodium bicarbonate.

e. The l-nitroso-l-nitroethane was completely decomposed after
standing overnight.

f. Conc ntrated nitric acld was added to the solid l-nitroso-
1-r. * ~ocethane at ambient temperatures.

g. Acidic conditions.,

17
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Analyses of the reaction mixtures for 1l,l1-dinitroethane
and ethyl nitrolic acid were accomplished by ultraviolet
absorptions of an alkaline extract at 380 mp and 328 mp
respectively.

It was concluded that under the conditions employed no
oxidation of nitroliec acid with difluoronitroperoxyacetic acid
to dinitroethane has occurred. The main reaction appears to
be the decomposition of the nitrolic acid. The mechanisms of
the oxidation with bromine and concentrated nitric acid are
not clear.

The oxidant was added to a mixture of l-nitroso-l-nitro-
ethane and base in runs 1,2,4,7,8,9 and 10 while for runs 3
and 5 the nitrolic acid was added to a mixture of the oxidant
bage.

. Ooge?peratureg ragggd from 25°C for runs 1,4,6,7,8,9 and 10
) or runs 3 and 5.

The best yleld of 1,1-dinitroethane was obtained in
run 2 by addition at amblent temperatures of bromine to the
nitrolic acid in 1/2 the total amount of base followed by addi-
tion of the remainder of base and subsequent heat treatment
at 80°C for 10 minutes.

Attempted Oxidation of 1-Nitroso-l-Nitroethane to 1,1-Dinlitro-
ethane with Difluoronitroperoxyacetic Acid under Acidic
Conditions., Ten runs were carried out in an attempt to

oxidize ethyl nitrolic acid according to the following equation,

0 0
CHa -%-NOQ + FaC-C-00H —> CH, -g(Noa)a + F,g-cmon .
0 NOg 0z

Only negligible amounts, less than 0.5% of dinitroethane were
formed. Yields and amounts of nitrolic acid and dinitroethane
were based on the ultraviolet absorptions of their respective
alkaline solutions

(» max = 328 mp ¢ = 6,560; \ max = 380 mp € = 17,000).

Mixtures of difluoronitroacetic acid and 90% hydrogen
peroxide in methylene chloride and acetonitrile solutions were
treated with solutions of the nitrolic acid at ambient, ice
bath and reflux temperatures. Reverse additions were also

carried out without success.
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Molar ratios of nitrolic acid/difluoronitroacetic acid/
hydrogen peroxide varied from 1.0/2.0/7.0 to 2.9/3.6/24 while
molar concentrations of ethyl nitrolic acid varied from 2
to 6 molar.

The only reaction which appzared to have taken place was
the decomposition of the ethyl nitrolic acid.

REFERENCES

1. Beilstein I, page 102, R. Behrend and Tryller, Liebigs
Annalen der Chemie, 283, 239.

2, 1Ibid. J. U. Nef, Liebigs Annalen der Chemie, 280, 282.
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Section F

OXIDATION OF AMINES WITH
DIFIJJORONITROPEROXYACETIC ACID
by
Jonn C, Hoffsommer

Trifluoroperoxyacetic acid has been shown recently1 to be
a superior reagent for the oxidation of various aromatic amines
to thelr respective nitro derivatives. For those compounds
studied, the ylelds are quite high, usually 90% or better; how-
ever, in some cases, for example, polynuclear, heterocyclic,
aliphatic, and certain alkyl aminobenzenes the method fails.

It was thought that a peroxy acid derived from a stronger

&¢id than trifluorcacetic acid, namely difluoronitroperoxyacetic

acid would be a superior oxidizing agent in those cases where
trifluoroperoxyacetic acid falled. It was further anticipated
that difluoronitroperoxyacetic acid amine oxidations could be
extended to produce other organic nitro compounds which would
be difficult to prepare by other routes, Notable in this con-
nection would be the preparation of nitro heterocyclic com-
pounds from the avallable amines.,

In order to study the reaction,

ArNHg CF,NOg COOOH > ArNOg

p-aminobenzolic acid was chosen as the standard amine substrate
and conditions were sought to optimize the formation of
p-nitrobenzoic acid (Table 1, runs 1-7)., From the results of
this study, other amine substrates were investigated and are
listed (Table 1, runs 8-21). These results are summarized:

AMINE SUBSTRATE PRODUCT
p-Aminobenzoic acid 90% p-Nitrobenzoic acid
p-Phenylenediamine gh% p-Dinitrobenzene
Ethyl p-Aminobenzoate 4% Ethyl p-Nitrobenzoate
p-Aminonitrobenzene 81% p-Dinitrobenzene
Tetranitroaniline No reaction
Aniline Tars, colored products
3-Aminopyridine Salt of Amine
2«Naphthylamine Tars, high melting material
Melamine 1:1 Salt of Amine
3-Aminopropionic acid Salt of Amine
d,l-Acetalaninide Deacetylation, Salt of Amine

3-Amino-1,2,4-triazole Salt of Amine
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Products were identificd by neutralization equivalents, melting
points, mixed melting points with authentic samples, and infra
red absorption, in applicable cases.

As indicated by these results difluoronltroperoxyacetic
acid was not found to have any advantage over trifluoroperoxy-
acetic acld as an amine oxidlzer. The chief side reactions
appear to be salt formation, partial oxidation to nitroso com-
pounds with subsequent condensation products with unreacted
amine, All attempts to "follow" the oxidation by ultra violet
absorption fechniques were complicated by these highly colored
condensation products. Further attempts to study the kinetics
of the reaction by analysis of aliquot samples for active oxy-

gen content during the course of the reaction were likewise
complicated.

It 1s felt that a peroxy acid derived from a weaker
parent acid than difluoronitroacetic aclid would be a better
cholice for future investigations of amine oxidations. 1In this
connection monofluoro or difluoroperoxyacetic acid might be
used to advantage.

REFERENCE

1. William D, Emmons, J. Am. Chem. Soc., 76, 3470 (1954); and
other references cited therein.
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Section G

COPOLYMERS OF 2,2,8,8-TETRANITRO-4,6-DIOXA-1,9-NONANEDIOL (DINOL)
AND 4,4-DINITROPIMELIC ACID (DNPA)

by

LIOYD A. KAPLAN

The preparation of carboxyl terminated polyester pre-
polymers for use as energetic binders in explosive and pro-
pellant systems has previously been described'., The procedure
utilized in this instance was to esterify a non-energetic
ﬁolyol glycerol, with a mixture of 4,4-dinitrovaleric and

4-dinitropimelic acids using p- toluenesulfonic acld as the
catal st. After adding about 50% bis(2,2-dinitro-2-fluoro-
ethyl)formal, FEFO, as an oxidizing plasticizer, the prepolymer
was crosslinked to give the final oxlidizer-binder composition.
The use of a nitro polyol in place of glycerol was considered,
This would increase the oxygen balance of the prepolymer and
thereby enable one to reduce the quantity of high energy
plasticizer added. Lower plasticlzer content should give
better physical properties in the final crosslinked polymer,
However, the esterification of polynitro alcohols by this
procedure was not practical because of the feeble basicity of
these alcohols.

In an attempt to utilize these alcohols for the preparatioi
of prepolymers, it was felt that they would esterify the acid
chlorides of carboxylic acids since this reaction is essentially
irreversible under the usual synthetic conditions. The re-
sulting prepolymers would be hydroxy terminated if excess diol
is used and aclid chloride terminated with excess acld chloride.
The hydroxy terminated prepolymer could be crosslinked with a
difunctional isocyanate to yleld a polyester-polyurethane. With
the acid chloride terminated prepolymers, several approaches
are gvalilable. Hydrolysis of the acid chloride end groups to
the carboxylic acid could be effected and the resulting carboxyl
terminated prepolymer crosslinked as described previously . A
more reasonable approach seemed to be either capping the acid
chloride end group with a reactive polyfunctional derivative
such as trimethylol propane to give a hydroxy terminated pre-
polymer or reaction with an imine to form the bis acylaziridine
termina.2d prepolymer which would be crosslinked with a dibasic
acid such as 4,4-dinitropimelic acid.
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The preparation of 4,4-dinitropimeloyl chloride, DNPC1,
which was selected as the model dibasic acid chloride, was
readily achleved by reacting DNPA with phosphorus pentachloride
in carbon tetrachloride. The acid chloride was isolated as a
crystalline solid melting at 58-9°. Preliminary experiments
involved melting together mixtures of anhydrous DINOL and DNPCl.
On raising the temperature of the melt to about 100°, the
evolution of hydrogen chlcride became quite vigorous. Continued
heating increased the viscosity of the melt. This was further
indication that polyester formation was taking place. The pro-
duct from this reaction was a clear glass when cold. However,
the addition of 50 weight percent FEFO to the prepolymer gave a
homogeneous, viscous liquid which could readily be handled.

The prepolyrer from this preliminary run was utilized for
surveying the various methods of converting the acid chloride
end groups to usable crosslinking functions. Attempts to
hydrolyze the acid chloride end groups to the carboxylic acid
were not completely successful in that the resulting hydrolysate
still had residual chlorine. The possibility of converting the
aclid chloride end groups (o the acylaziridine function was
tested by utilizing DNPCl as a model compound., Several attempts
to 1solate the bis a~rlaziridine from the reaction of DNPC1l with
ethyleneimine met witn fajlure and in one instance a fume-off,
This appros~h was _‘herzafore abandonded.

The most successful procedure was reacting the acid chloride
terminated prepolymer with a polyol to form a hydroxy terminated
prepolyner, Thus, the reaction of the prepolymer containing
50 welght percent FI'™0 with trimethylol propane proceeded
smoothly and rapidly as evidenced by the evolution of hydrogen
chloride. The resulting hydroxy terminated prepolymer was cured
to a rubbery solid with hexamethylene diisocyanate using
4,4~dinitropimelic acid as a catalyst.

Under more quantitative conditions, the reaction of 0,02
moler of DINOL with 0.025 moles of DNPCl evolved 96% of the
theoretical quantity of hydrogen chloride after 2.7 hours at
100-30°., The addition of 50 welght percent FEFO and the
requisite amount of trimethylol propane to the prepolymer
yielded a colorless viscous liquid which set up to a waxy solid
on cooling, This prepolymer could be cured with hexamethylene
diisocyanate to give rubbery products.
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EXPERIMENTAL

4 ,4-Dinitropimeloyl Chloride was prepared by adding 0.089
moles (22.2 g) of F,H-dinifropimelic acid to a solution of 0,2
moles (41.5 g) of phosphorus pentachlorlde in 150 ml of carbon
tetrachleride at reflux temperatures. During the addition of
the acid, rapid evolution of hydrogen chloride occurs. After
the addition of the acid was complete, the mixture was refluxed
for additional 30 minutes at which time the evolution of hydrogen
chloride had ceased. The resulting pale green solution was
stripped to under vacaum to yield a semi-solid resldue. This
was extracted with three 100 ml portions of petroleum ether to
remove the phosphorus chlorides and about 150 ml of carbon
tetrachloride was added to the petroleum ether insoluble residue.
The residue crystallized on stirring, and this solid was collected
on a Buchner funnel, washed with 50 ml of carbon tetrachloride,
and dried. The crude product was protected from atmospheric
moisture with a rubber dam during the drying operation.

The crude product was recrystallized from a large volume
of carbon tetrachloride to give a white crystalline sclid melting
at 58-9°. There was obtained two crops of the acid chloride
totalling 18.6 g (65%).

Anal. Calcd. for C,HgCl;N0s: %C, 29.3; %H, 2.8; %N, 9.8; %C1,2L.7.
Found: %C, 30.4, 30.4, 29.7; %H, 2.9, 3.5; %N, 10.1, 1C.1;
%Cll 2}""07’ 2“’05-

Preparation of DINOL-DNPA Polyester. In a typical run, 0.02
mole (0.88 g) of anhydrous DINOL,and 0.025 mole (7.18 g) of
DNPCl were placed in a cylindrical, flat-bottomed glass reactor
constructed from the socket member of a 50/30 spherical joint

8o as to have a velume of about 50 ml. A 5 mm gas take-off

side arm wes sealed to the wall of the reactor just below the
joint. The ball joint member was sealed off as close to the

top of the Joint as possible so as to minimize the dead volume
and about 1 inch of 6 mm tubing sealed in the center of the

ball member to act as a stirrer bearing. The reactor was fitted
with a stirring rod having two glass flats sealed at right angles
to each other at one end so as to be able to scrape the bottom
and walls of the reactor. This rod fitted through the bearing
in the ball joint member ani was made gas tight by a rubber
sleeve fiiting over the rod and bearing. The sleeve was
lubricated with a small amcunt of Fluorolube. Due to the
relatively high viscosity of the polymer melt, the stirrer

was turned by hand.
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The charged reactor was placed in an oll bath at about
120-30° and the gas take-off side tube was arranged so as Lo
deliver any gas:8 evolved into a 250 ml beaker containing about
75 ml of distilled water. The so0lid mixture melted and stirring
was begun, Gas evolution (hydrogen chloride) commenced shortly
after the reactants melted, a3 evidenced by the appearance of
Schlerin lines in cthe water in the .beaker. At various intervals,
the hydrcgen chleride evolved was measured by titrating the
solution in the beaker to a phenolphthalein end point with
0.492N sodium hydroxide. A cumulative record of the milliliters
of sodium hydroxide required versus time is given in the
following table.

Time, min. Temp. °C* ml 0.492N NaOH % Theoretical HC1®
0.0 100 - ——
20 118 40.5 50
35 118 57 70.4
50 118 65 81.1
65 119 69 85.2
80 118 70 86.4
110 raise to 125 72 89
125 128 73 90.1
150 130 73.5 90.4
160 130 73.8 90.8

2 011 bath temperature.

b The theoretical yleld of hydrogen chloride based on DINOL
is 0,04 moles. This 1s equivalent to 81.3 ml of 0.492N
sodium hydroxide.

After 2.7 hours, 90.8% of the theoretical quantity of
hydrogen chloride had been evolved., When corrected for the
dead volume of the apparatus, this figure becomes 9%6%. Hence,
the reaction was essentially complete at the end of this time.
The resulting polyester was a sirupy liquid while hot.

The product was cooled to 60-70° and 13.47 g (50% by weight)
of FEFO was added to the polyester with stirring, to yleld a
homogeneous 8irupy liquid. This product was transferred to a
150 ml beaker and the =wesidual aclid chloride functions reacted
by stirring in 0.01 n. .z (1.34 g) of trimethylol propane. A
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vigorous reaction ensued with the slution of hydrogen chloride.
The viscous mixture was then heated at 70-80° until the

evolution of hydrogen chloride had ceased. While still warm,

the polymer was pumped at 10-20 mm to remove any residual hydrogen
chloridz. The resulting product was a clear, colorless liquid
that set to a waxy solid on cooling.

A sample of the polymer was cured as follows: 5.41 g of
the polymer and 0.34 g of hexamethglene diisocyanate were
thoroughly mixed while heating at Then, about 20 mg of
DNPA was added as a catalyst. The clear melt was placed in a
Teflon coated aluminum dish, out-gassed by pumping at 20 mm
and placed in a 65° oven for 18 hours. The product was a light
amber, rubbery materlial which appeared to have good tensile
strength, but could have had better elongation. A sample, on
ignition, sustained ifs flame and burned at a uniform rate.

REFERENCE

1. B. Burke, et al, NOLTR 62-38, New Energetic Binders for
Solid Propellant Applications, 5 April 1962,
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Section H

THE AMINATION OF POLYNITROAROMATIC COMPOUNDS WITH HYDROXYLAMINE

by
Howard Ruskie

The amination of hexanitrobiphenyl (HNB) was explored as a
direct route to DIPAM (diaminohexanitrobiphenyl). It has been
reported1 that hydroxylamine aminates s-trinitrobenzene in basic
medium, giving picramide in high yield. This reaction appeared
to offer a new and more convenient preparation of DIPAM. 1t
might even be useful for preparing other thermally stable high
explosives related to DIPAM., The procedure for the amlnations
with hydroxylamine reported in the literature is vague. Although
m-dinitrobenzene could be successfully aminated, the preparation
of picramide could not be duplicated, and the method appears to
be corpletely unsuccessful for aminating HNB, 2,4,2!',4!'-tetra-
nitrobiphenyl, and 4,4t'-dinitrobiphenyl.

Meisenheimer reports that hydroxylamine can amlnate
m-dinitrocompounds. m-Dinitrobenzene was aminated to
2,4-dinitroaniline, or to dinitro-m-phenylenediamine, By
varying the reaction conditions; he obtalined each compound in
good yield. 2,6-Dinitrotoluene was aminated to 2,6-dinitro-m-
toluidine in only i5% yield. Under similar conditions,
picramide was obtalned from s-trinitrobenzene in about 90%
yield. Dinitrocompounds with ortho or para substitution do not
undergo amination®., Reduction occurs instead, and a mixture of
products is obtained. For instance, o-dinitrobenzene® gives a
mixture of o-nitronitrosobenzene, o-nitrophenol, o-nitroaniline,
nitrobenzene, and tar.

The procedures used by Melsenheimer are not reported1 in
detail, and several attempts were necessary to determine the
conditions under which m-dinitrobenzene could be aminated., This
compound reacts with neither methanolic hydroxylamine nor
methanolic sodium methoxide alone, but when all three are mixed,
a deep red solution is formed, After dilution with ice-water
and acidification, 2,4-dinitroaniline precipitates in almost
quantitative yield., Replacement of some of the solvent methanol
by dicxane had no effect upon the reaction, If insufficient
base 1is used, the reaction proceeds more slowly, and unreacted
dinitrobenzene is recovered.
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Attempts to prepare picramide from s-trinitrobenzene in
the same manner were unsuccessful, The reaction conditions were
varied over a wide range, but the only evidence for the formation
of pilcramide was obtained from ultraviolet spectra of the re-
action products. No pure picramide could be isolated from
these products.

Hexanitrobiphenyl was expected to behave similarly. But,
because of the slight solubility of DIPAM in most solvents, it
should be easier to isolate than picramide. In one series of
experiments, HNB was dlssolved in methanolic sodium methoxide,
Hydroxylamine solution was added to this dark red solution,
and it immediately turned dark brown and evolved small amounts
of gas. After dilution with ice water and acidification, some
brown color remalned. Alternatively, the HNB was dissolved in
a small amount of dioxame and methanol was then added. Thus,
varying amounts of base could be added to a solution of HNB and
hydroxylamine. In either case, the amount of base used seemed
to have a marked eff'ect upon the reaction. When only small
amounts of base were used, some of reaction tock place, but only
unreacted HNB could be isolated from the reaction mixture. In
one attempt, an unidentified solid product was obtained. This
brown substance was gquite soluble in methanol, in which neither
HNB nor DIPAM 1s even moderately soluble,

Since the amination of m-dinitrobenzene hada been successful,
perhaps it would also be possible to aminate 2,4,2'4t-tetra-
nitrobiphenyl. Nitration of the resulting diamine should
furnish another route to DIPAM. The results from atiempted
aminations, however, were the same as were obtalned when HNB
was used.

H,N NO; NO; NH,

HyN _NH,
/ TN y
oaqum%o,u@p«\;j}m, 0a8/ Sy )-¥o,
03 NOg

0sN NO, “No, No,

This behavior of HNB and the tetranitrobiphenyl appeared
similar to that reported for ortho and para nitrocompounds, If
reduction was occurring when these biphenyl compounds were
treated with hydroxylamine, then 4,4'-dinitrobiphenyl might also
be expected to undergo such reduction under the same conditions.
This was found to be the case., The same behavior was shown by
4,4r.dinitrobiphenyl as had been shown by the other two
biphenyl compounds.
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EXPERIMENTAL

Amination of m-dinitrobenzene. m-Dinitrobenzene (1 g) was
dissolved in 25 ml of methanol, and 8 ml of 4 N sodium

methoxide in methanol was added. The solution was chilled in
an ice-bath, and a methanolic solution of hydroxylamine (pre-
pared from 1 g of hydroxylamine hydrochloride) was added. A
red color lmmedlately appeared, but no precipitate formed. After
30 minutes, the solution was poured into approximately 100 ml

of 1ce water and made slightly acid with acetic acld. The
reaction nroduct crystallized from the solution., This substance
m.p. 180°(Lit,%, 180°), was identified as 2,4-dinitroaniline by
comparison of 1ts ultraviolet spectrum with that reported in

the literature®.

Hydroxylamine solutions were prepared as needed by dis-
sclving the required amount of hydroxylamiune hydrochloride in
methanol, neutralizing with sodium methoxlde solution, and
filtering off the rrecipitated sodium chloride.
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Section I
PURIFICATION OF BIS(2-FLUORO-2,2-DINITROETHYL)FORMAL, FEFO

by
Francis Taylor, Jr.

Several pounds of FEFO, prepared on Contract NOw-60-0745-c,
were received by the laboratory. The FEFO as received was
straw yelliow in color, had an acrid odor, and appeared to be
gassing at ambient temperatures. The melting points of these
lots of FEFO varied over a wide range; 5.4 to 10.1°, FEFO,
as prepared in our laboratories, is a colorless, odorless
liquid with a melting point of 10.7* A sample of FEFO prepared
by the AeroJjet-General Corporation, using a different synthetic
route, had similar visual characteristics and melted at 12.7°%.

In order to check the purity of the above lots of FEFO,
we attempted to prepare a pure sample of FEFO 80 as to ascertain
the true melting point of this compound. From past experience
in purifying liquids®, our first trials involved fractional
crystallization of the Aerojet-General sample of FEFO since
this had the highest melting point. Three crystallizations
of this material only raised the melting point 0,2°

The next task was to determine the purity of the recrystal-
lized material. Vacuum stabllity measurements did not give
conclusive results. A measurement of the melting point de-
pression would have given the desired result, but it was
difficult to find a suitable compound that was soluble 1n
FEFO. It appeared that bis(2-fluoro-2,2-dinitroethyl)carbonate
was somewhat soluble in FEFO at amblent temperatures, but it
may well have separated from solution at lower temperatures,
Thus, the addition of 3.53 x 10-® mole of the bis-carbonate
to 0.355 mole of FEFO gave a 0. 2 depression in the melting
point. An additional 3.53 x 10-® mole of the bis-carbonate
was added and the resulting depression was now only 0.3° instead
of the expected 0.4°,

At this point we resorted to vapor phrse chromatography.
With this technique, we were able to resolve the components
in the various samples of FEFO. Since a pure sample of FEFO
was not avallable for calibratmﬁg the instrument, it was not
possible to assign absolute purities to the various FEFO
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samples. However, it was possible to m2ke some estimates of
the purity by normalizing the peak areas in the chromatogram,
Table I gives the melting point and estimated purity as
determined by vapor phase chromatography.

TABLE I

MELTING POINTS AND ESTIMATED PURITY OF FEFO SAMPLES
BY VAPOR PHASE CHROMATOGRAPHY

Sample m.p., °C Purity, %

5A 5.4 79

3A 6.4 84

6A 7.5 85

2A 8.4 g2
6705-6 11.3 >95
6705=-1 12.9 >95

The fractional crystallization procedure was satisfactory
for purifying small lots of FEFO, but it was costly in terms
of material. Starting with 100 ml of FEFO, only 12.5 ml were
recovered after three fractional crystallizations. Because of
the large losses, this method was not consicdered practical for
purifying large lots of FEFO.

As an alternative procedure, we investigated washing the
crude FEFO with concentrated sulfuric acid and bicarbonate
solution, slurrying with Darco decolorizing charcoal and
chromatographic grade silica, and pumping at reduced pressure.
A combination of these techniques raised the melting point of
one sample of FEFO from 9.6° to 11.3°. The purity of the
product obtained by this procedure was estimated to be 95%
or better by vapor phase chromatography. After refining the
above procedure, it consistently gave FEFO with a melting point
of 11° or higher regardless of the purity of the starting crude®.
The recovery from this procedure was excellent, since it was
possible to treat 3.4 pounds of FEFO in this manner and obtain
3.3 pounds of purified material. The major loss in this pro-
cedure is due to the solubility of FEFO in concentrated
sulfuric acid.
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A recent communication from the contractor reported that
it was possible to recrystallize the FEFO from methylene
chloride. One recrystallization of the crude reaction mixture
by this procedure gave material melting at 12.5C5.

EXPERIMENTAL
Purification by Washing

One volume of crude FEFO was dissolved in three volumes
of reagent grade methylene chloride and dried over anhydrous
magnesium sulfate. The solution was filtered from the drying
agent and washed with 25 grams of concentrated sulfuric acid
for each 500 ml of solution. The mixture was thoroughly mixed
in a separatory funnel and the sulfuric acid drawn off at the
bottom after it had all settled. The washing with sulfuric
acid was repeated three times and the third washing gave almost
colorless sulfuric acid. The acid was drained off completely
and then the organic phase was washed three times with cold
tap water. The volume of water used was equal to one-third
the volume of the organic phase. The organic phase was next
washed three times with 10% sodium carbonate, the volume equal
to one~third the volume of the organic rhase. The organic
phase was washed again with three volumes of water as above.
The last water washed was checked with pH paper to make sure
that the last wash was neutral. The organic phease was dried
over anhydrous magnesium sulfate, filtered from the drying
agent, and stirred with activaced Darco, 25 grams for each
500 ml of solution. The mixture was stirred for one hour and
then filtered through a pad of celite on a Buchner funnel.

The FEFO solution was concentrated to one-half its volume on
a steam bath. The resulting concentrate was pumped on a Rinco
(rotary) evaporator &t 40-50° with a water pump until a con-
stant pressure was obtained. The water pump was replaced by
an oil vacuum pump and the residual organic phase was pumped
at 0.5 mm or less for one hour at 40-50°, The FEFO recovered
was & very pale straw color to colorless liquid and melted

at 11.5°. The purity was estimated by vapor phase chromato-
graphy to be greater than 95 mole percent. The recovery from
the above procedure was 90% or better, depending upon the
quality of the crude FEFO with which one started.

We do not have definite proof that FEFO reacts with glass,
but it is felt that the FEFO is best stored in polyethylene.
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Purificatin by Recrystallization

The crude FEFO from the reaction mixture was dissolved
in distilled methylene chloride, treated with Darco G-60 and
filtered. There was a 9% loss in weight at this point and the
resulting FEFO melted above 10°, After treatment with Darco,
the FEFO was dissolved in methylene chloride in a volume ratio
of 1:3 and the solution cooled in a dry-ice acetone bath and
seeded. The FEFO crystallized and was collected on a cold
Buchner funnel. The product was transferred to a round bottom
flask and pumped on a Rinco (rotary) evaporator at €5° with a
water pump until a constant pressure was obtained. The re-
coveries were between 70-85% and the FEFO melted up to 12.5°.
Attempts to recover second crops were unsuccessful. The solids
separated from the second crops melted at ©°. The FEFO melting
at 12.5° was estimated to be greater than 95 mole percent pure
from analysis using the gas chromatograph.

The melting points of the various lots of FLFO were meas-
ured as follows: A 15-20 ml sample of FEFO was poured into an
unsilvered Dewar jacketed tube, fitted with a narrow range
mercury thermometer, and the tube immersed in an ice-salt bath.
The sample was agitated with the thermometer and the curve
plotted. The samples always supercooled, the higher the melting
point of the FEFO, the less the sample supercooled. The tem-
perature where the plot leveled off was taken as the melting
point of the FEFO sample.

The purity of the various FEFO samples were estimated
from the plot obtained using an F and M Scientific Corporation
Model 300 Programmed Temperature Gas Chromatograph. The instru-
ment was fitted with a thirty-six inch column containing 10%
May-Baker Silicone oil on 30-60 mesh Haloport F. The tempera-
ture of the column was programmed at 9°/minute starting at 75°
and held at 220° until the FEFO came off of the column. The
injection port was heated at 210°, the block at 240°, the
current at 140 milliamps., and the flow rate of helium was
30 ml/minute. Under the above conditions the impurities were
resolved and FEFO has a retention time of 18 minutes.
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Section J

PREPARATION OF TRINITROPHLOROGLUCINOL

by

Francis Tavlor, Jr.

INTRODUCTION

A method was developed in these laboratories for the
analysis of 2,4-diamino-2,4,6-trinitrobenzene (DATB).
The amino groups of DATB were quantitatively displaced by
hydrolysis with boliling aqueous sodium hydroxide. The
ammonium formed in the reaction was collected using a
modified Kjeldahl distillation procedure. Quantitative
recoverlies were obtained on both DATB and ammonium per-
chlorate with the method. During the development of the
analytical procedure a single sample of 1,3,5-triamino-2,4,
6-6-trinitrobenzene (TATB) was analyzed by the general
method used for DATB and it was demonstrated that the
analytical method was feasible for the analysis of TATB.
The products resulting from the alkaline hydrolysis were
separated and identified. The products were trinitroresorcinol
and trinitrophloroglucinol from the DATB and TATB respectively.

DISCUSSION AND RESULTS

It was suggested that we investigate the feasibility
of adapting the analytical procedure for the preparation
of trinitrophloroglucinol. The preparation of trinitro-
phloroglucinol by hydrolysis of both TATB and 1,3,5-trichloro-
2,4,6-trinitrobenzene were reported in the literature®. The
hydrolysis was carried ou" using alcoholic sodium hydroxide.
The ylelds reported were 55% and 70% starting with 1,3,5-tri-
chloro-2,4,6-trinitrobenzene and TATB respectively. It has
also been reported that 1,3,5-trifluoro-2,4,6-trinitrobenzene
hydrolyzes in water alone to give trinitrophloroglucinol, but
no yields were reported®.

We attempted the hydrolysis of both TATB and 1,3,5-tri-
chloro-2,4,6-trinitrobenzene using an excess of 1.5 N aqueoug
sodium hydroxide. The samples were heated at the reflux
temperature for varving lengths of time and hydrolysis pro-
gressed as follows:
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Samp . Time, hrs. % Yield, trinitro-
phloroglucinol
TATB 5.5 72.8
TATB 6.0 80.0
TATB 7.0 83.0
3,5-trichloro-
5 6-trinitrobenzene 5.0 62.6

The impact sensitivity of the pure trinitrophloro-
glucinol using type 12 tools on sandpaper with a 2.5 kllogram
weight was 27 cm.,(0,0.10).

EXPERIMENTAL

A mixture of 3.0 g (0.011 mole) of TATB in 300 ml. of
1.5 N aqueous sodlum hydroxide was refluxed for seven hours.
After the reflux perlod the mlxture was allowed to cool to
room temperature and then neutralized with concentrated HC1.
The crude trinltrophloroglucinol was extracted from the
agqueous phase wlth ether and the ether solutlon dried over
anhydrous magnesium sulfate. After filtering off the
magnesium sul‘ate, the ether was removed under reduced pressure
¢end gave 2.5 grams (83%) of crude trinitroohloroglucinol
The crude material was recrystallized from ethanol and gave
trinitrophloroglucinol which melted at 166°.

When 1,3,5-trichloro-2,4,6-trinitrobenzene was sub-
stituted for TATB and the mixture refluxed for five hours,
trinitrophloroglucinol was ovtalned in a 52% yield.

SUMMARY

We feel that anvone Interested 1n the preparation of
large laboratory samples of trinitrophloroglucinol would do
well to consider the alkallne hydrolysis of 1,3,5-trlchloro-
2,4,6-trinitrobenzene. It appears to have many advantages
over the trinitration of phloroglucinol. The s-trichloro-
benzene can be purchased for O/pound and we =stimated
that the materials cost to makP one pound of the trinitro
derivative was $2.24 based on an 85% yield*.
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of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the report.

2a. REPORT SECURTY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whether
‘'Restricted Data’’ is included. Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200, 10 and Armed Forces Industrial Manual, Enter
the group numbe:. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following bhe title.

4, DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

5. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Ente: last name. first name, middle initial.
If military;, show rank and branch of service. The name of
the principal agthor is an ahsolute minimum requirement.

6. REPORT DATE: Enter the date of the report as day,
month, year; or month, year. lf more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, i.e., enter the
numbes of pages containing information.

7b. NUMBER OF REFERENCES: Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written,

8b, Bc, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc,

9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity. This number must
be umque to this report,

9b. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (erther by the originator
or by the sponsor), also enter this number(s).

10. AVAILABILITY/LIMITATION NOTICES: Enter ary lim-
itations on further dissemination of the report, other than those

imposed by security classification, using standard statements
such as:

(1) ‘‘Qualified recuesters may obtain copies of this
report from DDC.”?

(2) “‘Foreign announcement and dissemination of this
report by DDC is not authorized.”’

V' (3) “‘U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

S 0°Q »
‘4) ‘U, S. military agencies may obtain copies.of this
report directly from DDC. Other qu -'ified users
shall request through
.!l
(5) ‘‘All distribution of this report is controlled. Qual-

ified DDC users shall request through

If the repcrt has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known.

II. SUPPLFMENTARY NOTES: Usc for additional explana-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pay
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of the report, even though
it may also appear elsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet shall
be attached.

It is highly desirable that the abstract of classified reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (TS). (S). (C). or (U).

There is no limitation on the length of the abstract. How-

ever, the suggested length is from 150 to 225 words.

.
14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Identi-
fiers, such as equipment model designation, trade name, military
project code name. geographic location, may be used as key
words but will be followed by an indicatien of technical con-
text. The assignment of iinks, rales, and weights = cptional
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